Background The sentinel node (SN) detection by dual tracer method using indocyanine green (ICG) and a radioisotope (RI) has been recommended for early gastric cancer. However, institutions are limited due to radioactivity in the RI method. The greatest advantage of the RI method is that it objectively assesses RI uptake as a numerical value. The aim of the present study was to verify the usefulness of ICG fluorescence intensity in SN. Methods Seventeen patients with early gastric cancer were enrolled in this study. RI uptake by each lymph node was measured using Navigator GPS and fluorescence nodes were identified using the hyper eye medical system (HEMS). Fluorescence intensity in fluorescence nodes was evaluated using ICG intensity imaging software (Mizuho, Japan) of the HEMS. Results The total number of dissected lymph nodes was 227, with an average of 13.3 per patient. The numbers of HN, FN-S, and FN-B were 64, 77, and 34. RI uptake was significantly greater by FN-S than by non-FN-S (P = 0.0016). The median fluorescence intensity value was higher in HN than in non-HN (P < 0.001). A correlation was observed between RI uptake and fluorescence intensity. Dissecting FNs with fluorescence intensity levels of 1-6 resulted in 92.1% dissection of HNs. Conclusion It is possible that the evaluation of fluorescence intensity is useful for selected SNs instead of RI tracer. If fluorescence intensity is measurable in surgery, an infrared fluorescence method using ICG may be useful and safe for the detection of SN in early gastric cancer.
Introduction
Since gastrectomy with D2 lymph node dissection became the standard procedure for gastric cancer worldwide, its prognosis has improved [2] . Gastric cancer is now discovered in the early stages in many cases due to recent advances in endoscopic diagnoses. Endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) are currently only performed for early gastric tumors (cT1 and N0); however, standard gastrectomy and lymphadenectomy are recommended for histologically undifferentiated-type adenocarcinomas and submucosal tumors. The actual rate of lymph node metastasis ranges between 5 and 10% among patients with cT1 gastric cancer. Accordingly, many patients without lymph node metastasis undergo unnecessary lymphadenectomy.
In several facilities, the concept of the sentinel node (SN) was analyzed in order to prove that sentinel node navigation surgery (SNNS) is a safe and minimally invasive surgery for patients who need to undergo standard lymphadenectomy. The sentinel lymph node concept has been established in various cancers to avoid unnecessary lymphadenectomy [5, 14] . The sentinel lymph node concept for gastric cancer Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1012 0-018-0816-z) contains supplementary material, which is available to authorized users. was initially suggested in studies from Japan in 2000 [1, 6, 9] . We have been using radioisotope methods since 2000 to investigate SNNS for gastric cancer [4, 19] . We reported that SN were detected in 78 (99%) out of 79 patients with cT1N0 tumors by 99mTc-radiolabeled tin colloid methods, with sensitivity and accuracy rates of 100% [20] . We also demonstrated the clinical usefulness of the rapid RT-PCR system to detect sentinel metastasis in gastric cancer [22] . A prospective multicenter trial on SN mapping for gastric cancer (cT1 and T2) in Japan showed that SNNS with basic RI methods is a feasible procedure. In this study, basin dissection by the dual tracer of RI and dye-guided methods is safe because only four false-negative SN biopsies were obtained [10] . Furthermore, lymph node metastases, including micrometastases, need to be detected by histopathological and molecular biological analyses for SNNS [4, 18, 21] .
The indocyanine green (ICG) method has been suggested to be useful for detecting the SNs in combination with infrared electronic endoscopy [7, 11, 16] . Recent studies reported the development and usefulness of ICG near-infrared fluorescence images [12, 23] . The RI method is useful in that RI uptake in the SNs can be counted with a gamma probe and the count reflects the amount of lymph flow. Therefore, the RI method is useful for selecting SN for intraoperative histological examinations using hematoxylin and eosin (HE) staining. However, institutions are limited due to radioactivity in the RI method. On the other hand, a quantitative evaluation of ICG fluorescence has not yet been conducted. If it is possible to evaluate the fluorescence intensity of ICG uptake using ICG fluorescence imaging, ICG methods in SNNS may be conducted even in hospitals without special RI equipment.
In the present study, we investigated the relationship between RI uptake and ICG fluorescence intensity in SNNS for early gastric cancer and confirmed the utility of ICG fluorescence methods.
Materials and methods

Patients
Between February 2013 and August 2015 in the Department of Digestive Surgery of Kagoshima University, 17 patients with a preoperative diagnosis of cT1-2 and cN0 early gastric cancer were enrolled in this study (Table 1) . Patients with early gastric cancer less than 4 cm in diameter that was confined to the mucosa or submucosa without obvious metastasis were included in the present study. Informed consent was obtained from all patients based on a document approved by the Ethics Committee of the hospital. We conducted computed tomography, endoscopy, a barium study, endoscopic ultrasonography, and abdominal echo on all patients in order to diagnose the preoperative stage.
Fifteen patients had cT1 tumors, while 2 had cT2 tumors. Twelve patients underwent laparoscopic partial gastrectomy (LPG), 4 laparoscopic assistant distal gastrectomy (LADG), and 1 laparoscopic pylorus gastrectomy (LAPG) (Supplementary Table 1 ).
Lymphatic mapping technique
One day before surgery, 99 m-Technetium-Tin colloid and ICG were endoscopically injected in every case. We mixed 99 m-Technetium-Tin colloid with ICG (200-fold dilution) in a total volume of 3 ml (4.5 mCi). Subsequently, 0.5 ml each of a mixture of 99m Technetium-Tin colloid (3 mCi) and ICG was injected submucosally at four sites around the tumor. During surgery, RI uptake of each lymph node was measured using Navigator GPS (Tyco Healthcare, Ltd., Tokyo Japan) and ICG fluorescence imaging were identified by an Infra Red Imaging (IRI) system (OLYMPUS). The total number of dissected lymph nodes was 227, and RI uptake or ICG fluorescence intensity was investigated in 111. All dissected SN were examined by H&E staining.
Evaluation of hot nodes (HN) and fluorescence nodes (FN)
When counts for individual lymph nodes by Navigator GPS were 10-fold greater than background levels, the lymph node was identified as a "hot node" (HN) [19] and SN. Fluorescence nodes (FNs) were also identified by a hyper eye medical system (HEMS, Mizuho Corporation, Ltd., Tokyo Japan). Lymph nodes identified by the IRI System during surgery were defined as surgical fluorescence nodes (FN-S) (Fig. 1) , and marked using clips. Lymph nodes with ICG 
Evaluation of fluorescence intensity
The fluorescence intensities of all FN were evaluated using ICG intensity imaging software (Mizuho Corporation, Ltd., Tokyo, Japan) after surgery. Fluorescence intensity was calculated as background intensity subtracted by FN intensity (Fig. 2) . The purpose of the present study was to investigate the relationship between RI uptake and fluorescence intensity from ICG.
Statistical analysis
All statistical calculations were performed using SAS/JMP statistical software (SAS Institute. Inc., Cary, NC). Clinicopathological variables were analyzed using Pearson's Chi squared test. A P value of < 0.05 was considered to be significant.
Results
Numbers of HN and FN
HN and FN-S were identified in all 17 patients. All dissected lymph nodes were examined by H&E staining and metastasis was not detected in any lymph nodes. The total number of all dissected lymph nodes was 227 (mean 13.3). The numbers of HN, FNs, FN-S, and FN-B were 64 (mean 3.76), 111 (mean 6.52), 77 (mean 4.52), and 34 (mean 2.00), respectively ( Table 2) . RI uptake by the sentinel Fig. 1 LN vessels 
Evaluation of RI uptake and fluorescence intensity
RI uptake was significantly greater by FN-S (77.5 ± 14.9) than by FN-B (32.5 ± 10.8) (P = 0.0016) (Fig. 3a) . The median values for the fluorescence intensities of HN, FN-S, and FN-B were 0.414, 0.386, and 0.226, respectively. The median values for the fluorescence intensities of HN and non-HN were 0.414 ± 0.028 and 0.228 ± 0.034, respectively. Fluorescence intensity was significantly higher in HN than in non-HN (P < 0.001) (Fig. 3b) . The median values for the fluorescence intensities of FN-S and FN-B were 0.386 ± 0.029 and 0.226 ± 0.030. Fluorescence intensity was significantly higher in FN-S than in FN-B (P = 0.0012) (Fig. 3c) . A correlation was observed between RI uptake and fluorescence intensity in each lymph node (P = 0.0002, γ = 0.347) (Supplementary Fig. 1 ). We produced a ROC curve and the AUC of fluorescence intensity in HN was 0.742 ( Supplementary Fig. 2 ).
Dissecting FNs with fluorescence intensity levels of 1-6 resulted in 92.1% dissection of HNs (Fig. 4) .
As reported by Kinami et al., gastric lymphatic compartments were divided into the following five directions along the main arteries: the left gastric artery area, right gastric artery area, right gastroepiploic area, left gastroepiploic artery area, and posterior gastric artery [8] . Lymphatic basins were found within these lymphatic compartments and were grouped in these five directions. We grouped all HN 
Discussion
In the present study, we examined the usefulness of fluorescence intensity in the ICG-based infrared fluorescence method and the safety of SN identification in early gastric cancer. The results revealed a significant relationship between RI uptake and fluorescence intensity. Dissecting lymph nodes with fluorescence intensity levels of 1-6 allowed almost complete dissection of SNs. Accordingly, the ICG fluorescence method may be useful for the distinction of SN using ICG intensity imaging software. A prospective multicenter trial on SN mapping for gastric cancer (cT1,T2) in Japan recently indicated that the dual tracer method was responsible for the higher SN detection rate than that by the radio-guided method alone [10] . However, its general use is limited by the requirement of a radiation control area. Miyashiro et al. reported that the ICG fluorescence imaging system is useful in laparoscopic surgery for gastric cancer [13] . Due to recent advances in the development of devices, ICG-based near-infrared fluorescence can be observed and is useful in revealing SN basins during surgery [15] . We identified FN using HEMS and developed and reported the usefulness of SNNS for breast cancer [3] .
In a previous study on ICG fluorescence imaging methods, Tajima et al. reported that SN were detected in 54 (96.4%) out of 56 patients. cT1-stage cancers were associated with a significantly higher accuracy rate (97.2%) [17] . Kelder et al. demonstrated the clinical usefulness of IREE (Infrared Ray Electronic Endoscopes) combined with ICG over dye alone to detect illuminated SLN. The SN identification rate and sensitivity for IREE and ICG alone were 99.5 vs 85.8% and 97.0 vs 48.4%, respectively [7] . ICG nearinfrared fluorescence images were superior to visualization with the naked eye; however, there is currently no method for a quantitative evaluation of fluorescence intensity. Therefore, if we identify a large number of fluorescence lymph nodes, it is difficult to detect SN objectively.
Kelder et al. reported that the SN median numbers by ICG and IREE were 4 (0-22) and 6 (0-34) [7] . Tajima et al. showed that the mean number of FN by the ICG fluorescence method was 7.9 ± 6.1 in laparoscopy-assisted gastrectomy and 7.2 ± 6.8 in open gastrectomy [17] . Yoshida et al. found that the ICG fluorescence-positive SN number per patient detected using HEMS was 3.6 ± 2.1 [24] . In the present study, the average number of all FNs was 6.52. This number is too high for examinations using H&E staining during surgery. Since the particle size of ICG is smaller than that of RI, the number of FN detected using HEMS tends to be higher than that during surgical procedures. Therefore, after careful observations by the IRI System, we marked FN with clips and identified FN-S during surgery.
In the present study, we evaluated fluorescence intensity using ICG intensity imaging software after surgery. However, the fluorescence intensity can be determined within a few minutes in an operating room. Therefore, it is useful for quantitative evaluation and FN identification during an operation. Generally the disadvantage of dye methods is the difficulty in detecting nodes in obese patients. ICG fluorescence imaging makes the detection easier than blue dye method. In this study, fluorescence nodes were also identified by a Hyper Eye Medical System and fluorescence intensity was calculated in background. Hence, it is possible that the fluorescence intensity is affected by various conditions similar to the usual ICG method. In this study, although 11 FN-S could not be detected in 64 HNs, no patient had HN outside the FNs lymphatic basin, and for all FNs it was possible to calculate the fluorescence intensity.
It is difficult to define cut-off scores for fluorescence intensity that are common to all cases. HEMS is affected by the background of natural field light. Furthermore, individual differences are observed in fluorescence intensity in each case (Supplementary Table 2 ). Measurement in a strictly controlled environment is required to achieve a high detection rate. If it is possible to introduce the HEMS system through a trocar, it may be applied to laparoscopic surgery for SNNS and rapidly and accurately measure ICG fluorescence intensity. This paper is a first report of evaluating fluorescence intensity objectively but larger validation studies are necessary for developing the equipment.
When we consider the lymphatic basins of HN and FN-S in each case, all HN were present in the lymphatic basin of FN-S. This suggests that all SNs could be dissected using fluorescence intensity. Since this study comprised a small patient sample in a single institution, larger validation studies are needed in order to strengthen the results obtained.
Conclusion
ICG intensity imaging software is more useful for evaluating the fluorescence intensity of FN-S by HEMS in surgery and assessing SN objectively than an RI tracer. SNNS may be conducted even in community hospitals without special equipment if the HEMS system is employed.
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